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SUMMARY

T7ie instigation reported herein was conducted by the
flational A&n30ry Commit fee for Aeronautic at the
req.uwt of thg Bureau of Aeronautic~, Naw] Department.
Zhie i8 the third in a series of inrestigafions of the wafer
preaeuree on eeaplane $oat8 and hulk, and cornpleteg the
prment program. It conm”stedof determining the water
pressures and ae.celerations on a Curti88 H–16 ji~”ng
boat during landing and taxying maneurer8 in 8mooth
and rough water.

$%??’eeuftsshow that the greatect water pre.seures occur
near the keel at the main step, where the maximum pres-

‘-- &urei8 approm”mately 16 pounds per 8quare inch. Fmm
this point maximum preesure8 decrea8e in magnitude
toward the bow and chine. Pre8mu-e8 of approximately
11 pound8 per quare inch were experienced at the keel
81ightlyforwurd of the middle of the forebody when taking
of in rough water. The area of the forebody subjeeted
to considerable pre8e-ure i8 roughly a triangle hating its
baee at the 8tep and its apex on the keel at the load water
line forward. On the bottom Mceen 8tep8, a maximum
pre8eure of 8 pounds per quure inch ia nearly uniform.
.4 rertical acceleration of ~.7g ti the greate8t ralu.e encoun-
tered in fanding8, and i8 coneid.erab~y greater than any
other t’due recorded. It UU8fwnd that 3g i8 approxi-
mately the -“mum to be expected in take-q$s in Tough
water, and thcd thi8. ralue wa8 exceeded during only a few
.km&ngs. A Jongituditil acceleration of 0.9g uxz.sonce
attained in a landing in rough water and 0.7g ia not
‘uhuw.ul for take-oyfs in rough water. l%e man-mum
tiera~ acceleration attained in cro8s-wind bnding8 h
appron”mately 0.6g. The re8ult8 8hQw that the funding
[oad8 were usually borne by an area near ihe main step,
and that Tough water may cause large hde to be appltid
near the midd[e of the forebody.

INTRODUCTION

When considering the water reaction on a seaplane
float, the designer should know the magnitude of the
total water force, the manner in which the water load is
distributed, and the magnitude of the maximum local
pressures on all parts of the float bottom. The Iatter

41e20-31-19 ‘

item may be a separate consideration because high
local pressures are not necessrudy associated with Iargo
totaI Ioads. For this reason data on the distribution of
maximum pressures should be ccrrekted with total
loads if poseibIe. This has been kept in mind during a
series of water-pressure distribution investigations
requested by the Bureau of Aeronautics, NravyDepart-
ment., and conducted by the Langley MemoriaI
Aeronautical Laboratory, at LangIey FkId, Va.

The investigation reported herein was conducted on a
boat type seaplane. It is the third in the series of
investigations and compIetes the present program.
The two previous invest:~ations were conducted on a
singIe-float and a twin-float seapIane, respectively, and
have been previously reported. (References 1 and 2.)

b H-16 ilying boat was used for these tests.
‘Water pressureaat 15 stations in the hull bottom were
measured simukmeousIy during numerous t@ng and
landing maneuvers on smooth and rough water.
AmeIerations aIong the three reference S..W of the
seapkne were also measured. Measurements of the
[longitudinal angIe of the hull, the air speed and the
~verage wind velocity during tests were made for the
purpose of describing and olass&ing maneuvers.

The measured pressures and accelerations are t.abu-
Iated in this report. The distribution of maximum
pressuresis shown by tabk and curves, and the rela-
tion between 10CEJpressures and totaI water reactions
k &qhiued from a study of the records obtained.
??he results are compared with those obtained in
?retions investigations. From a correlation of pres-
wre and accekration records, approximate load distri-
butions for two critical conditions are derived.

. APPARATUS AND METEOD ‘

Apparatus.-The H–16 flying boat (fig. 1) is a
twin-engined biplane weighing about 10,500 pounds
MIy loaded. During the t4s it was loaded h ap-
proximately 10,000 pounds and was found to Iand
IormalIy at a speed of about 50 m. p. h. The lines
)f the hull are shown in Figure 2. It is conducted
)f woo& The side sponsons, or &s, as they are called,
dend the bottom Iinea considerably ‘beyond the true
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chines. For convenience, however, the h edges are
called chines in this report. It may be observed that
the keel Iine is a continuous curve, md that the steps
are formed by additional surfaces built on the main
bottom. The lines are such that the planing surface
has a considerable positive angle of inclination to the
horizontal when the hull is level. The angIe of inci-
dence of the winga also is positive, the angle being 4°
for both~wings.

through resistancesin parallel to a recording unit on a
rnultipIe recorder. The recording unit is a solenoid
which deflects a light beam by steps when action of tho
pistons variea the current. A record of the motion
of the light beam in each of the severaI units attached
to the multiple recorder is made on a rotating pl~o-
tographic film. Fifteen of these water-prcssum units
were instaIled in the left eidc of the hull bottom,
(Fig. 3.)

.,( ... ...- —+-.... . ..- .,,.,& . .. ,. . . . . “.’ .. .sd&GiM*-===---7 -- .- -7
r=. . . r. m

FIGURXI.–The E-16 SYlne boat ‘

The research equipment consisted of the fo~owing:
1. Water-pressure apparatus.
2. Three single-component recording accelerom-

eters.
3. A four-element plunger-type accelerometer.
4. Two recording manometers.
5. A swiveling Pitot-static air-speed head,
6. A float angle observer.
7. A motor-type eIectric timer.
1. The water-prassu.re apparatus is fully described

in reference 1. Water pressures exceeded or not ex-

0._

— ...

2. The N. A. C. A, single-component recording
accelerometer is described in reference 3, The com-
ponents of acceleration along the X, Y, and Z axes of
the seaplane were measured with threa of these
instruments rigidly mounted on main structural
members tilde the hull, Tho instruments uecd to
record vertical rind Longitudinal accelerations were
located about 1 foot below the C. Q, The one uecd to
record Iateral accelerations was mounted about 3 foct
to the rear of the other two, and was used during
comparatively few rune.

FIWJRS2—HoIIl[nss of ths H-16

ceeded within a limited rmge are indicated by a num-
ber of water-pressure units instaIIed in the float
bottom. Pneumatic pressure, which can be readily
varied, is applied to the inner ends of four pistons in
each unit, The inner ends of these pietms have equal
areas, and the external ends, which are subjected to
water pressure, have unequal areas. Consequently,
each piston responds to a different water pressure at a
given pneumatic pressure, and by changing this pres-
sure the recording range can be varied as desired,
The movement of each piston closes an electrical cir-
cuit,, and the four pistons in each unit are connected

,.

3. The 4-element plunger-type accelerometer is de-
scribed in reference 2. lt is eimiIarin principlo to the

rKeel
01 04 07

06 os

Leff chine+~

FIGURE S,-Ons-hslf of tba bottom plan of the ~-16 hull showh!g hxstlons of
prsssllleStdlons

Zdm type of instrument, in that it makes w of
plungers acting against coiled springs, which allow the
plungem to move when certain accelerations are



WATER PRESSORE DISTRIBUTION ON A FLYING BOAT HULL 277

exceeded. Four such phmgem, adjusted to respond
to accelerations ranging from 1.5g to 6.9g, were
contained in ona tit. These phmgers were electri-
ca~y cmmected in the same manner as the pistons of a
water-pressure unit, and when in use, the instrument
was connected to the water-pressure recorder in place
of one of the water-pr~ure tits. Accelerations of
the hull bottom in two regions of high pressure were
measured at different times during the tests. The
accelerometer was first mounted about 4 feet forward
of the main step, and was later me-red to a position

as dt%mibed abo~e. The fourth elenmnt was used to
record air speed.

5. A sw+reling Pitot-static air-speed head was
mounted on an outboard wing strut for the measure-
ment of & speed. It was connected to the recortig
element mentioned abo~e.

6. The float-angle observer is a smaII motor-driven
motion-picture camera used to photograph the shore
or horizon line parallel to the path of the seaphme.
The angle of the longitudinal axis of the hull with
respect to the horizontal mm recorded by this means.
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FIQB 4.-Amekometem mounted for the re&xdlug of vdicd and longttndid aaekmticms

near the middle of the forebody. It was not placed I
closer to the main step because of the double bottom
in that region. The records obtained with this instru-
ment were used primarily tO indicate the acceleration
which should be used in the computation of a correc- ~
tion to the recorded maximum pressures for the
effect of acceleration of the pressure units.

4. The N. A. C. A. recording manometer is described \
in reference 4 as the recording element of the N. A. C. ‘
A. recording air-speed meter. Two 2--pressure cell
instruments of this type were used. Three of the 4
recording ekmente thus provided were used to measure
pneumatic pr~ applied to water-pressure unite

7. b N. A. C. A. motor-type electric timer, similar
to the chronometric timer described in reference 5,
was used h synchronize all the abQve-ment.ioned ‘ —
recorde at l-second intervaIs.

Parts of the instrument instdation are shown ‘in
Figures 4 and 5. F~e 4 shows the accelercmetera
used for recording wrticel and longitudimd accelera-
tions. F- 5 is a view of the obserrer’s compar~;
ment, showing control switihes, the hand pump, sight
gWSS and remr@ inst~en% of the pneumatic
system, and the electric timer. At the rear of this
compartment, a dark room was constructed for the
purpose of changing photographic f31m records in

-—
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flight. This made it possible to make a large number
of rune during OIM flight.

Method,—Witl~ the instruments described above,
continuous synchronized records of the water pres-
sures, accelerations, air speed, rind flofit angle were
obtained. The duration of the records was usually

,
.

COMMImEE FOR AERONAUTICS

~Recordswore taken while taxying at various speeds,
while getting off and during numerous landings. A
large part of the test work was carried out in rough
water. Runs were mado in sharp-orated waves up
to 3 feet high accompanied by wind or by wind and
tide. In the latter case, the water was usuaIly choppy.

FIGUEE6.–Instrumenk and controls in the ohwvds mmpartment

about six or eight seconds for all except tho water-
preasure reeord. This record included only a part of
the above period, usually about two or three seconds.
In addition to tlm abo~e records, the average wind
velocity during tests was mmsured with an anemom-
eter from a boat standing by near tho seaplane. Read-
ings were taken over periods of two to fwe minute
intervals during the flights.

Several landings and take-offs aIso were made in swells
varying in height from 1 to 5 feet.

An attempt to take off perpendicular to swells
3 to 5 feet high in a negligible wind failed. At a speed
of 35 m. p. h., the boat was pitched several feet into
the air and felI off slightly on one wing. Take-offs
were then made parallel with the swells without dif-
ficulty, ATOserious trouble was experienced in mak-
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ing hmdings perpendicular to these waves. A sharp
lateral blow on the stern of the hull was feIt in ofie
such Ianding, and later a hrge hole appeared in the
bottom of a wing tip float after a particularly rough
Ianding.

Several take-offs and landings were made in sharp-
crested waves about 3 feet l@h without dithdty or
damage to the seaplane. The hull was subjected to
an extremely severe poundi~~ by these waves, how-
ever, particularly during the take-off runs. The
crew of the seaplane was probably more impressed by
the severity of these impacts than those encountered
during any other conditions.

The only parts of the seaplane damaged during the
flights were the two wing tip floats. One of these was
damaged during a hmding in rough water as ment-
ioned above. The other -wasmmpletely demolished
in a cross-wind landing. In this landing, the leeward
float stiered the damage and the v@ tip submerged,
causing the seaplane to execute a ‘~ground loop”
about the submerged tip. This happened in a 10
m. p. h. wind and waves from 15 to 20 inches high.
It is worthy of note that the seapIane took off and
hinded in smooth water without ditEculty.

PRECISION

The maximum water pressures as given in the sum-
marized data and pressure distribution curves are con-
sidered, as in reference 2, to be accurate within + 10
per cent.

The accuracy of the air-speed recorder is believed to
be within +2 per cent. There is, however, a possi-
bility that the recorded speed may be consistently
lovi due to disturbed flow in the vicinity of the Pitcd-
st.atic head. This error probably varies from a
negEgible amount at low angles of attack to 1- than 8
per cent at high angks of attack. The air speeds
given in this report, therefore, maybe from 6 to 10 per
cent low.

The average wind velocity as measured with an
anemometer at intervals during flights may be. con-
siderably diflerent than the velocity at a given instant,
because of unsteadiness of the wind. The error caused
by such variations is considered to be within +3
m. P. h.

The recorded values of longitudinal float angles are
considered to be accurate within + ~“.

The accuracy of the recording accelerometers was
affected by structural vibrations. The instruments
were Iightly damped to flow them ta record acceler-
ations of short period with the result that they re-
sponded to high-frequency vibrations of the structure.
The amplitude of these vibrations increased with
engine speed, although the period remained at about
one-fortieth second. It was necessary, therefore, to
read the mean values indicated by the record lines, and
to disregard peak accelerations with a period as short
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as that corresponding to structural vibrations. Sharp
mrti%al and longitudinal accelerations were most
affected because their periods were sometimes only
s~mhtlylonger than the period of the structure. Lat-
eral accelerations hsted longer. The accuracy of the
recorded accelerations is considered to be within
+ 0.3g for ths vertical, ● 0.2g for the longitudinal,
and + O.lg for the lateral component.

The limits given by the float-hot tom accelerometer
are bdieved to be very accurate except for the 3.2g
limit, which is possibly in error by + 0.2g due to friction
of the pl~~er.

RESULTS

Pressures,—The water-pressure data recorded dur-
ing each run are given in Table I. Maximum accelera-
tions recorded simuhaneously with water pressures
are also given in this table. The maneuver executed
m each run is described as to air speed, longitudinal
ar@e of the seapkme, atierage wind velocity, and con-
dition of the water’s surface.

True masimum pressures at each station are given
in Tables II (a) and II (~). These tabl~ give the five ._
l@hest pressures at each station for kmdings and for ~
ta@ng maneuvers. These vaks are corrected mean
pressurea taken from the highest hits given in Table
I. The correction is one-fourth pound per square
inch, which is-added to the recorded limits to counter-
act the efhot of acceleration of the water-pressure units ‘
on the recorded pressures. This correction corre-
sponds b an acceleration of 49 (reference 1), which the
float-bottom accelerometer showa is a fair maximum
value. The true pressure is considered to be the mean.
of the corrected limits unless there is no value given
for an upper limit of pressure not exceeded. In the
Iatter ease, the true P=UW is considered to be greater
than the comected limit of pressure exceeded by one-
half pound per square inch. This assumed value is
based on a consideration of the small number of times
these I@hsst pressures were exceeded, the pressures
actually established at other stat;ons and the est remely
short duration of the highest press&s.

The maximum pressure at each station for each
condition as given in Tables U (a) and II (b) is used
in plotting the two sets of curvas of Figures 6 and 7.
In these figges, estimated pressures are given for a
few stations at w~tich ma-x~mumpr=w were not
definitely established because they were always leas
than the minimum pressures, which the units at these
stations were set to record. Thus, the pressure at
stations 5, 9, and 10of Figure 6, and station 5 of Figure
7, is estimated at 3 pounds per square inch, and is
considered to be negligible at stations 8 and 15in both
cases and at stations 12 and 14 in F- 7. These
values are based on a consideration of pressure limits
not exceeded akthese stations and pressureaestablished
at surrounding stations.
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The curves of Figure 6 show the distribution of
maximum pressures for hmlings and those in Figure
7 for taxying maneuvers. In Figure 8, the two con-
ditions are combined to show the distribution of maxi-
mum pressures for ali conditions. Figure 6 shows
that the principrd knding shocks, with pr~ures rang-
ing from 11 to 15 pounds per square inch, m-e borne
on an area that includes stations 1, 2, 3, and 4; and
that somewhat smtier pressures may be experienced
at stations 6 and 7 in the middle of the forebody,
and at stations 11, 12, and 13 abaft the main step.
It is shown in Table I, however, that pressures at
stations 6 and 7 of the magnitude shown in Figure 6
are unusual in landings. F~e 7 shows that lmge
pressures may occur quite generally in take-offs over
the fmebody from the main step forward to about
two-thirds the distance to the bow. 1$ should be
noted, however, that high pressures forwmd onIy
occur close to the keel and not at the chine. In
general, as Table I shows, pressures of approximately
10 pounds per square inch are very Iikely ta occur
near the keel as far forward as stations 6 and 7 during
take-offs. .% summation of all the data shows that
the portion of the forebody subject to considerable
pressure is roughly triangular m shape. The base of
this triangle is the main step, and the apex is at the
keel forward near station 10, which is cIose to the
Ioad water line. From the step at the ked, pressures
decrease in magnitude toward the bow, and horn the
keel they decrease to-wardthe chine. Maximum pres-
sures of about 8 pounds per square inch me distri-
buteduniforndy over the area between the main and
second steps.

The pressure distribution curves show the magni-
tude of the maximum local pressure Iikely to be expe-
rienced on any part of the hull bottom. They do
not indicate, however, the manner in which pressure
is distributed at any given instant, or a specilic
relation between local pressures and totaI water
reactions. These two qucxtions can be tmmveredin a
general way by a further amdysis of the pressure
records with respect to the time at which high pres-
sures occur at the various stations during a maneuver
and by studying the relation between accekration
and pressure records. It can be seen at once, how-
ever, that the total water reaction is likely to be
borne on a small part of the total bottom area when
local pressures are of the magnitude found in this
investigation. For instance, a pressure of 10 pounds
per square inch ac~ on an area of 20 square feet
wouId exert a total water reaction equal to nearly
three times the weight of the seapkme; and 20 square
feet is approximately 15 per cent of the projected ~
area of the hull bottom between the main step and
the forward load water line. I

An illustration of the rapidity and magnitude of i
pressurevariations is given in F~es 9 and 10. F~ge I

9 is a reproduction of pressure and verticaI accelera-
tion records obtained in an exceptionally hard, but
otherwise nornd land@ made with the pressure units
set tc record faidy high pressures. Figure 10 is a
reproduction of similar records obtained in a landing
made with the pressure units adjusted to record sma~
pressures. The acceleration records are continuous,
but the water pressure records, due tc the system of
recording, only show the magnitude of Mrtain pressur~
exceeded or not exceeded. The pressure record for
each station is a horizontal Iine, which is displaced up
or down by stepswhen thewaterprsssure varies through
the recording range of the instrument at this station.

P’
.-10.2 lb./sq. h. <IO..? Ib./sq. fin>.

(

I 6.6 lb/@ t-m
1

--- lo.51%./sq. k.

[

i

1( ‘8. 7M./sq.h. .

7.5 fWao.h.

/-- 7sh./sq.h.

a f-l &O lb./sq. 6-z

. I

Wherever the water pressure exceeds the maximum
recordable with the particular instrument adjustment

used, the fact is indicated by discontinuing the record

Ene for the time interval during which this pressure is
exceeded. Figure 9 shows that pressures in excess of
6 to 8 pounds per square inch were concentrated near
stations 2, 3, and 4 at the instant of maximum
verticaI accekation. F- 10 shows that even such
small pressures as 2 pounds per square inch were also
co&ed to practiefiy the same region at the instant
of maximum vertical acceleration. These are typical
conditions, and illustrate the fact that a major portion
of the totaI water reaction in landing can be considered
as concentrated on a small part of the hull bottom.
The fact that high pressure, as in F~e 9, exists
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sirmdtaneoudy at stations 2 and 4 indicates a lag
in the transverse distribution of pressure due to the
dead rise of the v-bottom. In connection with these

Committee FOR AERONAUTICS

I
I

figures, it is also of interest to note the circumstances
attending the principal landing shocks. In Figure 9,
the acceleration record shows that the first w~ also
the principal shock in landing. This landing was made
from a steady glide without the usual leveling off
immediately before making contact with the water.
The acceleration record of F~ure 10, however, shows

“1 3.Slb./sq. in. ~
]1

2.8 (b./sq. in.
2

IL

------ .4..3 lb@q th---y ,P.

.?.6/b./sq.h.
4

/7

$ .?.Sib.@. in

c 1.8 lA/sq. h.

?26
rr

* -------L18 lb./sq.h. -------
~

(3.2 lb./sq. h~

13

2.4 I’L+Y in.

{ ‘1 .?.0 tb./sq. in.
14

2..5 g ---%

~{:~
o 0.5 Lo 1.5 ,?,0 2.s 3.0

Time in seconds

FKGUIU10.—WatW presmre and vmtbxd acmlemtion ?eeordaobtied In tandtng
run WI(presmreaof !2to ~ lb,isq. in. were not emxded at otha stations)

a few slight shocks followed by a period during which
the acceleration was appreciably less than lq and end-
ti with a considerable shock. The semdane in this
l~ding touched lightly, bounced off, settl~d again dur-
ing the period of reduced acceleration and finally
hmded again with a shock as indicated by the fhal
peak acceleration,

In the above discussion of Figures 9 md 10, it has
been brought to attention that small as well as verv
high press&s are likely to exist on only a small pm-t
of” the hull bottom at any given instant, particularly

at the instant of maximum verticaI shock. A study
of W the records obtained during the tests shows that
this is more or 1sss true in every cam. I?ressure.sof
about 3 pounds per square inch were found to be
excgeded for periods longer than one-half second ody
at station 1. At stations 3,4,7, 12, and 13 pressures
of this magnitude were constantly exceeded for periods
ranging from one-fourth to one-half second at least
once during the tests. At stations 2, 6, and 11 the
longest duration for pressures of this magnitude was
approximately one-tenth second, Tho stations show-
ing these small pressurest&be exceeded simultaneously
are grouped as follows: (a) 1,3, 11, 12, and 13; (b) 1,
2, 3, and 4; (c) 6 and 7. This shows that a large part
of the entire water reaction can be regarded as acting
on a comparatively smaU part of the total bottom
area. It seems Iikely, however, that high pressures
acting at stations 6 and 7 are accompanied by some
small pressures on the area between these stations
and the main step. Even a pressure of I or 2 pounds
per square inch on this large area would exert a force
which could not be neglected when considering total
loads.

The time relation between water pressures and
vertical accelerations indicates the pressure distribu-
tion which gives the greatest water reactions. As
previously mentioned in connection with Figure 9,
the maximum vertical acceleration (4,7g), in the
landing to which that figure applies, occurred when
the water pressure was high in the vicinity of stations
2, 3, and 4. This is typical of landings, but during
take-offs in rough water the greatest vertical shocks
may coincide with high prwsurm as far forward as

stations 6 and 7. A specific case is run 68 in which
the vertical acceleration was 3,09. It is evident,
therefore, that Iarge total Ioads may result from high
local pressures near the step, M in landing, or from
high pressures near tho middle of the forebody, as
they sometimes occur during take-offs. The data are
not sufficient to show the actual load distributions for
these two conditions. These can be approximated,
however, as shown later in ttmdiscussion of total loads. ‘“

Accelerations,-The accderations which were re-
corded simultaneously with water pressures are given
in Table I, and some additional values in Tablo 111.
The greatest values recorded are 4.7g vertical, tl.flg
longitudird, and 0.6g lateral. This maximum ver-
tical acceleration was recorded in a hard lan&g which
resulted from descending at a steady glido without the
usual leveling off immediat.dy before landing, The
gredest longitudinal accelerations usually occurred
when planing in rough water, but tbe mmimurn given
above ocourred during a landing in largeswells. Lateral
acc~erations were perceptible in cross-wind landings
and sometimes during maneuvem in large swells. The
maximum value as given above, however, was due to
rotation about a submerged wing tip following the
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fuilureof a wing-tip float in a cross-wind Ianding. The
greatest lateral acceleration due to shock was approxi-
mately 0.5g. A comparison of vertical accelerations
of the C. Q. and the hfl bottom shows that in the hull
bottom the vertical acceleration is probably lees than
2g greater than at the C. G.

A peculiarity of Longitudinal accelerations is their
reverdin direction. This action was most pronounced
when phming in rough water with power full on. A
peak cleceIeration indicating retardetl motion was
usualIy quicldy followed by a peak acceleration of
equal or slightly greater magnitude. This ~ probably
due to the irdiuence of two factars. The H-16 flwying
boat is a ffetible structure in which neady 50 per cent
of tbe total weight lies outside of the hull. When the
huU is suddenly retarded by a wave, the external
structure strains forward aud energy is thus stored in
it. This energy is rdeased quickty when the wave is
passed, with the result that there is again a rapid
relative motion between the hull and external struc-
ture. Since tbe weight of the hull is but little more
than one-half tbe totaI weight of tbe seaphme, it ap-
pears reasonable to expect it would be accelerated
forward an appreciable amount. In addition, the
propelIer thrust probably assists the forward accelera-
tion materially because the water resistance of the

“hull momentarily drops to a small vahe at the instant
the huUseparates from the wave.

The first lateral shocks in cross-wind Iandinga
occurred in the espected direction, that is, they indi-
cated that drift was retarded. It usually happened,
however, that shocks occurred in the opposite direction
before the seaplane wne to rest. The seaplane ap-
peared to akid around untiI it headed into the wind,
due partially to the naturaI tendency to do so and
partially to the pilot’s use of the rudder. Experience
showed that the dqyw of submerging a wing tip was
considerably ksened by heading the seaplane into the
wind before it settled into the water.

The records show that large, ahhough not neces-
sarily the maximum, longitudinal and vertical shock
occurred simultaneously. The verticaI shocks ac-
companying the lateral shocks in cross-wind landings
were usualIy small In fact, the crosswind landings
were among the smoothest landings made. This
probably was due to the pilot’s caution in making
these landings, and to the fact that waves were not
met head-on. Although the Iateral and verticaI
shocks in cross-wind hmdings were smaU,the likelihood
of submerging a wing tip float made such landings
risky.

Total loads.-The acceleration and pressure records

ings in rough water; (4) latmd loads due to cross-
wind landings.

The load distributions corr=ponding to the two ver-
tical reactions mentioned above can be approximated
by correlating the pressure and acceleration data. It
is assumed that the total water reaction is equal to the
weight of the seapkme multiplied by the vertical accel-
eration of the C. G., and that this reaction is distributed
as indicated by the water pressure data. This
assumed magnitude of the, total. reaction may be in
errbr due to two cauaes. Part of the water reaction is
absorbed in the flexible structure, and the actuaI total
reaction, therefore, is greater than that indicated by
the acceleration. On the other hand, there may. be a
considerable portion of the weight of the seaphme
borne by the wings, in which case the actual water
reaction is less than the assumed. However, the
wing-borne load will be something less than the weight
of the seapkme, and the force absorbed in the structure
is probably in the same order of ma=titude. Site
th= two factors tend to nullify each other, the as-
sumed tottd water reaction is considered ta be reason-
ably accurate.

The distribution of the verticaI load for the hndigg
condition (fig. 11) is based on the maximum vertical
acceleration of 4.7g, and a concentration of high pres-
sure on an area in the region of stations 2, 3, and 4.
This conforms to the conditions shown in Figure 9.
The magnitude of the pressure on this area is assumed
to be the maximum pressure for this parb of the hull
bottom as given by the curves of Figure 8. A pressure
of 4 pounds per square inch is assumed for the area
between the high prwmre r~”on and the main step.
This is indicated as a fair vahe by a study of the pres-
sure likely to be sustained at station I under these
conditions. The area of high pressure is considered to
be a strip equaIIy spaced on either aide of a straight
Iine joining stations 2 and 4. This fine is inchwd to
the keel at en angle of approximately 30° and the pres-
sure along it, as given in Figure 8, is about 11.5
pounds per square inch. The width of the strip and
the dimensions of the mea between it and the step are
found by equating the load on the vertical projections
of these mess to 4.7 W where W, the weight of the
seaplane, is 10,000 pounds. The calculated width of
the high presmre strip is 17 inches, its projected area
on both sides of the hulI is 22 square feet and the total
load borne by it is 3.6 W. The remaining load of
1.1 IT is due to the pressure of 4 pounda per square
inch on an area of 20 square feet. b the @gram of
this load distribution (fig. 11), the -rerticaIcomponents
of normal pressures are shown.

indicate that the critical 10MIsimposed-on the seaplane I The dis&ibution of the verticsI load for the rough
were: (1) Vertical loads applied nearly under the ~ water planing condition is shown in Figure 12. This
C. Q. in landings; (2) verticaI loads applied near the ~ distribution corresponds to a vertical acceleration of
middIe of the forebody, due to the iniluence of waves in 3.Og and l@b pressure at stations 6 and 7. It was
take-offs; (3) longitudinal loads in take-offs or Iand- . derived by a procedure similar to that used for the
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landing conditions, Since pressureswere simultaneous made that a uniform pressure of 1.5 pounds per square
at stations 6 and 7, the inclination of the high-pressure inch acts on this large area. The dimensions of the
stip to the keel is determined by these two stations. high and low pressure areas are then found as in tho
This angIe is again approtiately 30°. The pressure previous case. The computed width of the high-
is not uniform along the strip in this case, however. pressure strip ia 7.5 inches and its total projected arett
The maximum pressura curves of’ Figure 8 show that on both sides of the hull is 12 square feet, The load,
it varies along the 30° line from approximatdy 12.5 due to the average prassure of 8.75 pounds per square
pounds per square inch at the keel tg about 5 pounds inch on this area, is 1.5 W. The area subject to

. pressure of 1.5 pounds per square inch is 70
square feet and the corresponding load is
1.5 w.

Comparison with previous results.-A com-
parison of the results of this investigation with
those obtained in the two former investigations
(references I and 2) shows that the distribu-
tion of maximum pressures on the forebody is
similar on the H-16 and UO-1 seaplanes. The
maatitude of the maximum pressure, howcwer,
is approximately twice as great on the H-16
as on the UO-1 and is 50 per cent greater
than the masimum pressureon the TS-1. The
distribution on the TS-1 is diffprent than on
either of the others, in that it lacks an appre-
ciable trtmsverse~ariation inpressureand shows
very high pressures near the bow. The uni-
form distribution of nrcssurcs on the area

FIGURE11.–Approxfrnate dfatribution of the tium wtical water reaotfon tn landfng. ‘%etween the steps of tie ~–lG is Wlerent than. “–
Total load-47,0C0Ill% (4.7thufs wef@ Of WQI]81M)

Fmwmi 12.—ApproxImt@ dkibutlon of a wtical Irmdramd by hnpact WM a wave In a
tako-”ff. To&d losd-30,0m lta. (%,0tlm&9wef@t of SI@8@

per square inch at the chine. As the variation is
assumed’ to be uniform, the average pressure is 8.75
pounds per square inch. Although pressures as small
as 3 pounds per square inch were never found to be
exceeded at any station simultaneously with high
prwsure at stations 6 and 7, it appears likely that there
is some amal.Ipressure acting on the bottom between
these stations and the main step. The assumption is

●

that on the afterbody of either of the float-
- typo seaplanes, as they both showed increasing
pressure toward the stern. k a previous inves-
tigation of water pressures on an H-10 hull
(reference 6), pressures were found on tbo
middle and forward parts of the forebody that
compare well with the results given here. At
the step, however, the pressures found wero in-
significant compared with those given here,
which appeam to be due to the lack of a com-
plete.investigation of the pressures in landings.

The large difference in maximum pressures
on the K–16, TS-1, and UO-1 seaplanes may
be due to one or several causes. Tho inclina-
tion of the keel line of the forebody (fig, 2)
indicates the likelihood of high localized pres-
sures near the keel at tho main strip as that
is the lowest part of the bottom. The load
per beam length might be considered an in-
dication of the intensity of water prcssuro,
The beam loads in thousands of pounds per
foot of beam are 0.83 for the UO-1, 0.49 for

the TS-1, and 1.00 for the H-I 6. It is evident
that this basis of comparison is not valid unless
the twin-float TS-1 is disregarded. l?robaMy tho
most important reason for greatly different pres-
sures on the dMerent floats is that indicated by a
recent analysis of the problem of maximum water
pressures on seapkme floata when landing (refer-
ence 7). This analysis shows that the matium
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water pressure, when kding, is a function of the
V angle and the square of the vertical component
of velocity. The V angle at the step of the H-16
is slightly greater than that of the UO–1 and about 5°
greater than that of the T&l. Therefore, this factor
alone does not account for the difference in maximum
pressures. It appears likely, however, that the rate
of verticaI descent of the H–16 is comparatively high
since it has an immense number of e..terna1 +
and struts, which probably offer enough resistance
to make the ratio of lift to drag comparatively low.
When the magnitude of the maximum water presnre
is considered to vary directly as the square of the
vertical ~elocity, it can be appreciated that a rea-
sonable difference in the =r=tical speeds of two sea-
planes WN account for a hrge difference in maximum
pressures.

The cMerence in the distribution of pressures on
the afterbodies is due to the dMerence in the point
of first contact with the water in hudings. Both
float-type seaplanes occasionally landed in such a
manner that the stern hit the water fit, whereas the
main step was the first point of contact on the H–16
bottom. The presence or lacli of an appreciable
transverse variation in pressure appears to be de-
pendent on the beam of the float. The most pro-
nounced transveme variation is on the H–16 hti
with a maximum beam of 10 feet; it is presmt on the
IKI-1 float with a beam of 40 inches; and is not
appreciable on the TS-1 float With a beam of 26’
inches. The high pressure near the bow of the
TS-1 was due to a high rate of rotation resulting
from high pressure on the stern in kmding. The
de~elopment of a retarding force in the form of a peak
pressure m far forward, however, vrould seem to be
due Iargely to the float shape. It is evident that this
rotation will not develop when the seap[ane kinds
with the first water contact near the C. Q. as the
H–16 does.

CONCLUS1ONS

The results of this investigation lead to the folIowing
conclusions regarding the water pressures, accelera-
tions, and tohd water loads experienced by the H–16
flying boat :

1. The greatest pressures occur in Iandings, and
may be as great as 15 pounds per square inch near
the keel at the main step.

2. Pressures as great as 11 pounds per square inch
may occur at the keel slightly forward of the middle
of the forebody during take-offs in rough water.

I

3. The area of the forebody subject to considerable
pressure is roughly a triangle with its base at the step
and its apex on the keel at the load water Iine forward.
The mtium pressures on this triangIe decrease in
magnitude toward the bow and chines.

4. A pressure of 8 pounds per square tich may be
experienced on nearly any part of the hti bottom
between steps during landings.

5. A vertical acceleration of 4.7g, which was once
attained in a hard Ianding, is ~xceptional for either
tandingsor take-offs. An accderation of 3g is approxi-
mately the maximurq for rough water take-offs and is
not frequently exceeded in kmdings.

6. Although a ma~um longitudinal acceleration
of 0.9g was recorded in a landing in rough water, the
greatest longitudinal accekrations usuaUy occur dur-
~g t&~ffs ~ rough water and in this condition 0.7g
is frequently attained but not exceeded.

7. The maximum lateraI acceleration IikeIy to be
attained in cross-wind landings is approximately 0.5g,
but the possikdity of submerging a wing tip makes
such landings dangerous.

S. The Iargest total loads usually occur during land- “”
ings and are borne princ5paIIyby an area close to the
main step.

9. Waws may cause large total loads to be applied
near the middle of the forebody during take+ffs.

LANGLEY MUORM AERONAUTICAL LABORATORY,

NMTOWL ADVISORY COMMI~EE FOB ~ER0NAUTICf5,

ILATNGLEY FIELD, TA., December ~, 1929.
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TABLE I

WATER PRESSURE DISTRIBUTION ON THE 13-i6 SEAFLMW IIULL

L ““Maneuver Ckditlon of water #&!$;

L

-1
Plowing. . . .. . . . ..__. ___ . . .._...- a to 6 rOOtswell . . ..- . . ---------------------- .2
.. ..do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,---do ---------------- l%to 24Inch wava, choppy wltb mvelk . . . . %.;
,_-do-._._._-.. _... _.._. ._. __-...do--. .__-. . . . . . . . . . . . . . . . . . . . . . . . . 2
,..-d_ .. . . . . . . . . . . . . . . . . . . . . . . . . . . -----
,..Ao

do-------------------------------------
do.. --._... _____ . . .._.. ________. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :

..-do. .. . ..- . . . . . ..-. _-... __- . . . . .._.do ...-- . . . . -----------------
?lanfng (mrmaf) --.--.-- . . ..--–--1 2hStiOtWa\TaChOPPY . .. . . . ..- . . . . . . ..j - !
..-do--...--.--... -_.. --.-- .- . . . ..-.. -.-do ------------------------------ 4

1

,...d_--_._.._ . . . . . . . . . . . . . . . . . ---do-______ . .._... _... _.. _.__ -i=-.
.. ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i . . . . . ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._
.. ..do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do .. . . . . . . . . . . . . . . . . . . .._
.-do _.- . . . ..- . . .._ . . . _______

—t-=~:
8.bJotsTvelrs......-.... __._ - . . . . .._..–_ .az-a

.-do -- . . ..-_- . . . . . . . .._._ .._ ---do .-_.. _____________ .J7-3
,..-d_-_.-._._. . . . . . . . . . . . . . . . . . 16ti Nh&wuvw...-.._-. ___—____ Z
.-do ---...-.. --.. --.-_-.. -_-_ ..---do --------------------------------- .

I

.. ..do—_ ..-.. ___________ 2 to armtwaws, ObOpPY with SWdk...__

.. ..do---.-..-.._ ..-.. ______ -.--dO-— ______________________ E
,...d_..- . . . . . . . . . . ..-_. _._.._ ---do ________________________ w%
.-..do- .. ..---. -._-. -.-- . . . . . . . . . .._ lZfnoh swells. . . . . . . . . . . . . . . . . . . . . . . . . . . .
.. ..do _________________ 1Sti_20Inch WSV= OhOPDy. . . . . . . . . 14------- . . . . . . . .

“X&
,---do--.--..---- . . . . . . . . . . . ..-do__—-—_

r
,-.do— ---------------------------- Sti Uhotsw& ....-... -–—___.--—_.

,_-do-- . . .._ . . . . . .._. _... _____

t

_do ... .._ . . . . . . . . .. L.._.. ______–
. ..do.__ . . . . . . . .._._ . . . . .._ . . ..L . . . ..do ... . ..-. - . . . . . . .._. _.._. _______
?bmfng (bow low). . . . . . . . . . . . . . . . . 12to 13Inohobop with notkable swell% . . .

-..do

~

.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do .. . . . . . . . . . . . . . . . . . . . . . . . . . . .
. ..do.-.--..--.. .---. . . . . . . . . . . . .. —~. - . . . . . . . . . ..-.. .--.. ._.. ---------

1:ik~:::::::_:~:::::;:::~‘ti-kmh WEV~:~::~:::~::~~:n:c::
. ..do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do ... . . . . . . . . . . . . . . . . . . . . . . .._
..-do-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .--..do_---..--. .--.. .- . . ..-.. ._ . . . . . .._.--
. ..do— .. . . . . . . . . . . . . .._.. ______ lbta!blfn ------------------, ~*wavea
. ..do._ .. . . ..- . . ..-.. -- . . ..- . . . . ..-_ ----- O---. ._ . . . .._. _____________
-do__________________

I

16tO~ Inoh W8VW, Choppy .._.. ._... _..-
ietaww-–- . . . ..___. ------- M td M blob W8V~ OhOppY with Swells . . . . . .
.-do ----- . . . . . . . . . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. ..do ... . . . . . . . . . . . . . . . . . . -------- .—do.-.-.-...-.. -.- . . . ..--_ --_.. -...--.J
---do. -.._ . . . . . ..-.--.--.-.--.--.do-----.--..-_..-...--...--...-_._'
. ..do.- . . ..-. --.--. --... -__ . . ..-. --.-do ------------------------------
.-do— ___________

\

—_-- Ao_--..— ------------------
. ..do...- . . ---------------------- 2ti SfootwavM tioppy_ . . . . --------------
..do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . .~ — ----------------- .,

‘a

4,

a-.

~

x

87-$

474
44A

5i

.50+

61-5!

d
47-4{
—..

{

I +-..do--- . . . . . . . . . . ..-. -.-.. _.._.. _Q~-~-jJmt swells- . . . . . . .._-__ ._.. ______
-:d&-..-.._..___. ____ .-. —.--- .— ----------------

lSto20inch wavea . . . .._. __________ I :g

. ..do.:::::::::::::~ :::::~=_. 2t03footwav~ choppywith eweus.. . . ..-

..-do.-...-..–.--. _-- . . ..___ ..—do -l ZQl!— ----------------- .-. .—--. ——

. ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...1 ---

41

. ..do .. ..i . . . . . . . . . . . . . . . .. . . . . . . . . . . . ..do . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~~~i
-ado ___.. __._. .-_ . . . .._ . . .._
.-do. -..-.___. __ . . .._...__

16to 20Inch wave.%choppy. . ..-.. _____
3ti6fmtswells --------------------------- 442

.+.ndb&___________ 12t0161noh wave-.-___.__ . . . ..-_._- _...--.

.-d~..-...- . . ..-.. .-... ---------- __-do_ . . . . . . .._.. _____ _- .

. ..do.---...- . . . . . . . . ..-. -.--... -_i--.-_do~__________________ ._.
---do .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
_-do

16tiMhtiwa~*oppywftim*..-.. ?8-4f
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M-W

.-do ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do .. . . . . . . . . . . . . . . .

. ..do.- . . . . . . . . . . . . . . . . . . . . . . . . . .
---do .-.. -... -. . ..-_ --... -..__.

-.-do. _. . .._... _.._ . . . . . .._.. _.._.. .-.!;?;
12t013imbwaves,ohoppyw fthawalls....- 554

. ..do ______________________ _._do_._.._.. -._.---
_-do._.._._____j . . .._l____ _—do— . . . . . . ..-. _.._. _..__. _..-..- ~
.-do. - . . . . . . . . . . . . --------------- 2t08foot wave& choppy_._..._.. ._.._
-do.-—–._.____. _._.._- _._do _____________________ “z
.-do . . . . . . . . . . . . . . . . . . . . . . . . . . 2h3fmtswdk__.-. ..- . . -------------- 48+

.-do.-... . . . . . . . . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . . . . . . . . . . . .

+

.-do—;--------------------- --do ___________________
--do

I

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do ... . . . . . . . . . . . . . . . . . . . . . . .
. ..do— . ..- . . . . ..__ . . . . .._._._ 16to 20inoh wave2._ . . . . . .._ . . . ______
...do.- . . . . . _____________ _-do_________–____
. ..do.-.-..-._.. _._.. ___ ._.do_____-._-_ ._._.. ____::

. ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.-do - . . . ..--.. –––--..--.--..-J--. --do—-.—— ---------- ___I
474
474
44-2{

‘E

Mlnw amlerctions Indkate acdaatfng forwa acting forward 01to the lefL
a-Prmwu’e or aocekatlon exceeded.
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TABLE 11

SUMMARY OF HIGHEST PRESSURES

(a) FIVE HIGHEST PRESSURES IN LANDINQS
.—— —

Prsmm3 Stntfona

4“”6 la~71sl Dl”lolll

(b) FWFI HIGHEST PRESSURES IN TAXYING

ml .
Run PIJu Pl&~PP ~a

— —— —

S.6 61 7.9 62 Z9 . ..-.-..
:: 6J n-w 2.6 --- . . . . .

..-. . . . . . . . . . . . . .
4.7 48 61 ------- ___ . . . . .
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L —

‘::“f?++“““f=‘+‘=“R’--——-----.---.-L---- —-- --- —-
----- --- — ------------ --- ---- —-- ----- -------- --- ----- ---- -----

P-Mwm premwreoorrmki for aomkatfon fn lb. par W. tn. Corrwtfon IS+54 lb. per ea. in. (SW text.) Bfank spacedhdkste that ~LUaS whk-b unfts were -t
to record were not exeerded.

TABLE HI

MAXIMUM ACCELERATIONS NOT SHvIULTANEOU~H WATER PRESSURE RECORDS
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